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Introduction

Abstract

The ladder snake Zamenis scalaris was first reported in 2006 in Formentera (Balea-
ric Islands, Spain), until then a snake-free Mediterranean island. Since 2016,
intense control campaigns have been carried out and, for the first time, snake cap-
tures over 2017-2020 have been used to analyze the sex ratio, age, fat percentage,
population density, and seasonality of this invasive population. The male-biased
sex ratio found in the present work could be the result of capture biases caused by
different detection probabilities between sexes. A reduction of snake body length
over time was observed, which could indicate a depletion of the larger snakes due
to intense snake capture. The highest capture frequencies of both sexes were
reported in May and June, coinciding with the mate searching period in the species
native range and indicating that snakes increase their movements during this period.
Size-specific survivorship curves indicated a drop in survivorship at medium sizes,
which suggested a survival cost associated with reproduction, presumably due to
increased mortality during the mating season. Population density decreased from
1.812 snakes/ha in 2017 to 0.669 snakes/ha in 2020. Evidence obtained in the pre-
sent work has allowed to evaluate the main ecological aspects of Z. scalaris and
the current state of the population of this invasive snake on the island of Formen-
tera. Results showed that the population is well established in Formentera, but pro-
longed control campaigns have caused its decline. This study becomes a starting
point to improve the management and control programs of invasive snake popula-
tions in the Balearic Islands. Long-term control as well as the improvement of the
detection and capture of adult females are strongly recommended to attempt the
eradication of Z. scalaris in Formentera.

(e.g., Cabrera-Pérez et al., 2012; Capinha et al., 2017; Christy
et al., 2010; Guzy et al.,, 2023; Montes et al., 2020). Demo-

Demographic analyses of wild populations involve assessing
basic ecological parameters (Brown & Weatherhead, 1999;
Jordan & Rodda, 1994; Montes, Feriche, et al.,, 202I;
Park, 2004; Pleguezuelos et al., 2007) that are essential to
understand the biology, trophic ecology, and reproductive traits
of a species (Aldridge & Brown, 1995; Caughley, 1994; Ford
& Seigel, 1989; Gibbons, 1972; Godley, 1980; Rose
et al, 2013). Snakes’ nocturnality, broad movements, low
recapture rates, crypsis, and periods of inactivity (Durso & Sei-
gel, 2015; Steen, 2010; Ward et al., 2017) may have prevented
the study of their demography in the past. However, in recent
years, the number of studies assessing snake populations
introduced out of their native range has substantially grown

graphic studies are essential to determine the effect of environ-
mental variables on life history (Blouin-Demers et al., 2002;
Gregory & Larsen, 1996) and to manage invasive species
(Park, 2004). These studies are crucial to analyze the establish-
ment process of introduced populations out of their native
range (Rose et al., 2013; Willson et al., 2011), understand the
population dynamics (Jordan & Rodda, 1994), and define the
life-history traits (Mathies et al., 2010; Moore et al., 2005;
Pleguezuelos et al., 2007; Whittier & Limpus, 1996) of alien
snake species.

Herpetological invasions are generally a direct consequence
of international trade, as these animals are accidentally trans-
ported with cargo goods for human consumption or use, one
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of the main pathways being the transportation of live plants
for ornamental purposes (Kraus, 2009). Snake introductions
out of their native range have led to over 100 established
populations worldwide (Capinha et al., 2017). Invasive snakes
are one of the main drivers of species extinction worldwide
(Rodda et al., 1997; Rodda & Fritts, 1992) and are extremely
damaging in insular ecosystems (Fritts & Rodda, 1998) given
the lack of pathogens, parasites, and predators in the new terri-
tory, which is commonly termed as the enemy release hypothe-
sis (Montes et al., 2020; Roy et al., 2011). These impacts are
exemplified by the brown tree snake Boiga irregularis (Bech-
stein, 1802) in Guam, which has caused the loss of native spe-
cies (Rodda et al., 1997, Rodda & Fritts, 1992; Rodda &
Savidge, 2007; Wiles et al., 2003). The recently introduced
horseshoe whip snake Hemorrhois hippocrepis (Linnaeus,
1758) in Eivissa (Balearic Islands, Spain) (Montes, Pleguezue-
los, et al., 2021) and the California kingsnake Lampropeltis
californiae (Blainville, 1835) in Gran Canaria (Canary Islands,
Spain; Cabrera-Pérez et al, 2012; Monzon-Argiello
et al.,, 2015; Piquet & Ldpez-Darias, 2021) are also known to
prey upon native reptiles and pose a serious threat to their
populations. In addition, snake introductions can also lead to
ecosystem degradation (Fritts & Rodda, 1998) and have socio-
economic impacts (Soto et al., 2022; Zhang et al., 2022).

The ladder snake Zamenis scalaris (Schinz, 1822) is a
medium-sized colubrid that inhabits most of the Iberian Penin-
sula and southeastern France (Pleguezuelos & Honrubia, 2002).
Zamenis scalaris was introduced on Menorca (Balearic Islands)
in Roman times from the Iberian Peninsula (Vigne &
Alcover, 1985), where it is widely distributed. More recently,
this species has been introduced on the remaining islands of
the archipelago, since it was reported for the first time on
Eivissa in 2003, on Mallorca in 2004, and on Formentera in
2006 (Alvarez et al., 2010; Mateo et al, 2011; Pinya &
Carretero, 2011), these two last islands being free of snakes
until then (Silva-Rocha et al., 2015). The species was appar-
ently introduced via nursery trade from the Iberian Peninsula,
mainly related to olive trees (Alvarez et al., 2010). Although
Z. scalaris mainly feeds on mammals and birds (Pleguezuelos
et al., 2007; Vericad & Escarré, 1976), some authors suggest
that some native species inhabiting Formentera, such as the
endemic lizard Podarcis pityusensis (Bosca, 1883), could be
under threat because of this recently introduced species (Ple-
guezuelos, 2019). However, potential threats to this native liz-
ard and also to mammals and birds are highly understudied.
Currently, all species of the family Colubridae inhabiting For-
mentera are considered legally invasive, given the inclusion in
the Spanish Catalogue of Invasive Alien Species (Real Decreto
630/2013, 2013). For this reason, control and eradication cam-
paigns have been carried out there since 2016 by the Depart-
ment of Health and Control of Fauna of the Consortium for
the Recovery of Fauna of the Balearic Islands (COFIB). As no
assessment has been conducted so far on this invasive species,
this study becomes essential to obtain information on the eco-
logical aspects of Z. scalaris on the recently invaded island of
Formentera.

The present study aimed to better understand the biology
and ecology of the introduced snake Z. scalaris on a recently
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invaded island as well as evaluating the potential effects and
results of the snake control campaigns carried out on the
island of Formentera. The hypothesis of this work is that the
analyses of biometric parameters, structure, and dynamics of
the population would indicate the establishment of the colu-
brid Z scalaris on the island of Formentera more than
10 years after it had first been reported. In addition, the
hypothesis for snake population density in Formentera is that
this parameter would decrease throughout the years of study
because of the intense control and eradication campaigns car-
ried out since 2016 by the COFIB. Thus, the specific aims of
this study were (1) to describe the main biometric parameters,
the structure, and the dynamics of the population over the
4 years of study, (2) to analyze the variations in size, age, fat
percentage, and density of the population over time and (3) to
assess the main activity period of the species in the newly
invaded area.

Materials and methods

Study area, capture of individuals, and data
collection

Snakes used for the present work were captured under the
framework of control campaigns carried out by the COFIB and
the local Government of the Balearic Islands. In these cam-
paigns, a new snake live trap designed by the COFIB was
used for the first time (MITECO, 2018; Pic6 et al., 2019;
Fig. S1) following the protocol specified by Picé et al. (2019).
In this trap, the entrance for snakes consisted of a one-way
flap door, since it prevents escapes and allows multiple cap-
tures (Boyarski et al., 2008; Engeman et al., 2018).

Captured individuals were euthanized with pentobarbital
(0.1 ml 100 g~") by the Department of Health and Control of
Fauna of the COFIB. The snakes were preserved at —20°C
until these specimens were given to the University of the
Balearic Islands for further analyses. As the individuals were
euthanized by qualified staff from the COFIB, no -ethical
approval was needed for the realization of the present work at
the University of the Balearic Islands. After the analyses, all
animal remains were incinerated by COFIB in accordance with
national regulations on animal by-products nonintended for
human consumption (SANDACH).

Fieldwork was carried out from March to November of the
years 2017, 2018, 2019, and 2020 at La Mola, a plateau
located in the southeast of the island of Formentera (Ferrer-
Abarzuza, 2015; Fig. 1). Mean temperatures in La Mola are
approximately 10°C in winter and 25°C in summer
(AEMET, 2011). For each snake that was captured, GPS loca-
tion and capture date were collected. Sex was identified by
inserting a sexing probe into the vent and by examining
gonads during necropsy. Snout-vent length (SVL) was mea-
sured with a flexometer (to the nearest 1 mm) and body mass
was weighed with an electronic scale (Adam Equipment, Mil-
ton Keynes, UK). Fat bodies of the snakes were extracted dur-
ing necropsies and the fat mass was weighed with an
electronic scale (Cobos Precision, L’Hospitalet de Llobregat,
Barcelona). The finding of oviductal eggs in females during
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necropsy was considered. Juvenile and adult life stages were
established according to the sexual maturity of specimens, fol-
lowing  Pleguezuelos  and  Feriche  (2006)  (adult
males > 450 mm SVL, adult females > 660 mm SVL).

Age determination

To determine snake age, the ectopterygoid bone was extracted and
analyzed through skeletochronology techniques (Castanet, 1994).
Ectopterygoid bones were cleaned with sodium hypochlorite 10%
before their observation to remove the soft tissues (Biasatti, 2004).
Bones were kept in water to increase bone transparency and con-
trast between skeletal growth marks (SGM; Castanet et al., 1993).
After this procedure, SGM were read with a binocular microscope
LEICA DM 2500P 40x (LEICA, Wetzlar, Germany) under trans-
mitted light (Fornasiero et al., 2016). SGM counting was per-
formed by two researchers and parallel readings were compared.
In case of disagreement, growth marks were counted again and
the sample was discarded if the discrepancy persisted.

Statistical analyzes

Statistical analyses were performed using R v.1.1.453 (R Core
Team, 2022). The protocol proposed by Zuur et al. (2010) was
carried out to explore the data. Statistical significance was con-
sidered at P < 0.05. Chi-squared tests of goodness of fit were
used to assess the sex ratio and adult—juvenile ratio of captured
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individuals. Fat percentage (total wet fat mass/total wet body
mass * 100; %) was used as a measure of body condition after
confirming that this parameter was not biased with respect to
body length through regression analyses, according to previous
works (Falk et al, 2017; Peig & Green, 2009; Schamber
et al., 2009; Schulte-Hostedde et al., 2005; Weatherhead &
Brown, 1996). Captured individuals were classified into 10-cm
size classes and size—frequency distributions for each sex were
plotted. Residual plots were used to check the normality and
heterogeneity of the variance in the residuals and the Durbin-
Watson test was used to check the autocorrelation of the resid-
uals. An analysis of covariance (ANCOVA) was performed to
examine the influence of sex, year of study, and the interaction
of these two factors on the continuous variable SVL, including
age as a covariate. A two-way analysis of variance (two-way
ANOVA) was carried out to examine the influence of sex, year
of study, and the interaction of these two factors on the contin-
uous variable fat percentage. Post hoc pairwise comparisons
with Holm’s correction for multiple tests were performed for
both ANCOVA and ANOVA. For the analysis of the seasonal-
ity of population activity period, the frequency of males and
females that were captured during each sampling month was
evaluated for all study years. Fat percentage (%) of adult
females in each month of the year was calculated.

For the study of size-specific survivorship (/,), individuals
were classified into 10-cm size classes. Size-specific survivor-
ship (/) was analyzed for both sexes and survivorship curves

Figure 1 Distribution area of the snakes captured on the island Formentera for the period 2017-2020 obtained using the minimum convex
polygon method. GPS locations of the traps in which at least one snake was captured are also indicated.
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were plotted for males and females each year of the study.
Size-specific survivorship (/) is the proportion of survivors
when cohort x begins (Riedle, 2014).

Leslie depletion method (package ‘FSA’, function ‘deple-
tion’, method ‘Leslie’; Ogle et al., 2023) was performed to
estimate the initial population size of snakes through the
regression of weekly catch per unit effort (CPUE) and cumula-
tive catch of snakes (Leslie & Davis, 1939; Ricker, 1975; Rose
et al., 2013). The unit effort referred to trap-nights which were
calculated using the number of traps that lasted active in the
field per night. The estimated population size, the 95% confi-
dence interval (CI), relative standard error (RSE), R* of the
regression, and regression significance were assessed for each
year of study (2017-2020). The area of distribution of the cap-
tured snakes was obtained by conducting the minimum convex
polygon method using a statistical package (package “adehabi-
tatHR”; Calenge, 2006). To obtain the estimated density of
snakes (snakes/ha), the estimated population size was divided
by the obtained area of distribution.

Results

Number of captures and sex ratio

Total number of Z. scalaris individuals captured was 964 in
2017, 513 in 2018, 419 in 2019, and 508 in 2020. Sex ratio
was significantly biased in favor of males in 2017 (1:0.88,
X° =451, df =1, P<0.05), 2019 (1:0.76, X> =723,
df =1, P<0.01), and 2020 (1:0.82, X*=5.16, df =1,
P < 0.05), whereas it did not statistically differ from 1:1 in
2018 (1:0.88, X*>=2.14, d.f. =1, P> 0.05). Adult—juvenile
ratio was biased in favor of adults throughout the study period
(1:0.40, X*>=185.23, d.f. =1, P <0.0001 in 2017; 1:0.55,
X =44.12, d.f. = 1, P <0.0001 in 2018; 1:0.53, X* = 34.56,
df =1, P<0.0001 in 2019; 1:0.66, X* =21.73, d.f. =1,
P < 0.0001 in 2020).

Snout-vent length, age, fat percentage, and
activity season

Females showed larger body lengths than males and a signifi-
cant decrease in SVL was observed across the years (Fig. 2,
Table S1). Snakes’ age ranged from 1 to 20 years in males
and from 1 to 19 years in females (Table 1). A slight decrease
in age was observed in males and an increase was detected in
females over the years of study (Table 1). Snake SVL varied
statistically ~ between sexes (ANCOVA, Fj o7, = 5.02,
P <0.005) and across years (ANCOVA, F 07, = 12.34,
P < 0.0001), except for 2018-2019 (P = 0.39) and 2019-2020
(P = 0.08; Fig. 2, Table S1). No interaction between sex and
year was detected (ANCOVA, F, 972 = 1.69, P =0.19) and
no significant influence of age on SVL was observed
(ANCOVA, F 1972 = 0.66, P = 0.42). Females showed higher
fat percentages than males and fat percentages increased over
the years of study (Fig. 2, Table S1). Fat percentage differed
statistically between sexes (ANOVA, F 7453 = 6.85, P < 0.01)
and across years (ANOVA, Fjs=2358, df =1,
P < 0.0001), except for 2019-2020 (P = 0.30). No interaction
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between sex and year was detected (ANOVA, F, 745 = 0.34,
P = 0.56).

Frequency of captures of both sexes increased gradually
from March until May (2018) or June (2017, 2019, and 2020;
Fig. 3). A progressive decrease was observed from July until
the end of the campaign in November. However, a slight
increase in captures was observed in August 2017, September
and October 2018 and 2019, thus evidencing a second peak of
captures. Only four captured females carried oviductal eggs
and all of them were captured during the second half of June.
Adult female fat percentage was considerably high year-round
(Table S2).

Survivorship

The size-specific survivorship (/) of small and large snakes
remained stable across the years of study while the steepest
decline affected medium sizes (Figs. 4 and 5). There seemed
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Figure 2 Variation of (a) snout-vent length (SVL) and (b) fat percent-
age (%) over 2017-2020. Mean values are represented by empty cir-
cles and standard deviations (sp) by error bars. The sample sizes
used in (@) were n=511in 2017, n= 270 in 2018, n= 211 in 2019,
and n = 278 in 2020 for males and n = 450 in 2017, n = 238 in 2018,
n=1611in 2019 and n =227 in 2020 for females. The sample sizes
used in (b) were n =227 in 2018, n= 74 in 2019, and n = 90 in 2020
for males and n= 198 in 2018, n =52 in 2019, and n= 111 in 2020
for females.
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Table 1 Mean + standard deviation (sp), range (minimum value—
maximum value), and sample sizes of age (in years) of male and
female Zamenis scalaris captured in 2017-2019

2017 2018 2019
Males 8.47 + 3.18 8.07 + 4.06 7.9 + 3.99
(1-19) (1-20) (1-18)
n=2315 n=204 n=70
Females 8.55 + 3.39 8.67 + 4.01 8.91 + 4.05
(1-19) (1-19) (1-16)
n= 255 n=181 n=47

to be a sex bias in medium sizes, given the drop in survivor-
ship in females that was observed at slightly larger body
lengths than males (Figs. 4 and 5).

Population density

Leslie depletion method estimated population size (95% CI;
RSE) as 1297 (951-1642; 13.6%) in 2017, 614 (487-741;
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10.5%) in 2018, 759 (130-1387; 42.2%) in 2019 and 549
(471-627; 7.2%) in 2020. Estimated density of snakes was
1.812 snakes/ha in 2017, 0.801 snakes/ha in 2018, 1.037
snakes/ha in 2019, and 0.669 snakes/ha in 2020, so, results
showed a clear downward trend in the density of snakes.
CPUE was strongly and significantly related to cumulative
catches across all years (R? > 0.3 and P < 0.0001 in all cases),
except 2019 (R* 0.07, P = 0.07; Fig. S2). This and the high
st found in 2019 suggested snake population estimates for that
year were unreliable.

Discussion

Results obtained on Z. scalaris demographic parameters evi-
dence a successful establishment of the ladder snake on the
island of Formentera. Based on previous evidence on snake
invasions (Kraus, 2009; Piquet & Ldpez-Darias, 2021; Shwiff
et al., 2010), this insular ecosystem and its native fauna could
be strongly affected by ecological and socioeconomic impacts.
Although management plans have proven to be effective for
capturing snakes, results show that the recruitment capacity of
juveniles has not declined. This fact suggests that trapping
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years 2017-2020 (a-d). The sample sizes used were n =505 in 2017, n= 220 in 2018, n= 168 in 2019, and n = 229 in 2020 for males and
n=207in 2017, n=101in 2018, n= 74 in 2019, and n = 83 in 2020 for females.
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efforts should be continued or even intensified over time to
increase management effectiveness. Furthermore, locating the
mating areas of the population and intensifying the captured
pressure on adult females are strongly recommended.

Sex ratio was significantly biased in favor of males. Sexual
size dimorphism in favor of females and a significant decrease
in SVL were observed across the years of study, as well as an
increase in fat percentage. Females showed higher fat

percentages than males. Sex ratios are believed to be related to
sex differences in behavior instead of deviations from balanced
sex ratios in snake populations (Iverson, 1990; Shine
et al., 2007). This is mainly due to seasonal reproductive pro-
cesses that influence movement patterns and vulnerability to
predation (Bonnet et al., 1999). Whereas females are more
cryptic (Shine et al., 2007), males move more frequently and
over longer distances during the mating season (Aldridge &
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Brown, 1995; Bonnet et al., 1999; Savidge, 1991; Shine
et al., 2007). Therefore, sex ratio differences should be consid-
ered capture biases as they are based on activity patterns, often
related to seasonality and reproduction (Chaitae, 2011). In
addition, the sexual size dimorphism observed could also be
caused by a capture bias, as body size could affect detectabil-
ity differently in each sex (Christy et al, 2010; Guzy
et al.,, 2023). This capture bias could have many implications
for the invasion process as certain sizes could escape detection
and capture, leading to population expansion. Besides, environ-
mental selection pressures such as resource limitation are
believed to affect body size and generate variation in sexual
size dimorphism (Brown et al., 2017; Winne et al., 2010). This
fact should also be considered in the present work since differ-
ent resource availability could be found between native and
receiving areas.

Frequency of captures showed two peaks, the first being in
spring (May or June) and the second in late summer or
autumn (August—October). Two periods of higher activity dur-
ing spring and autumn are generally observed in the native
area of the ladder snake (Feriche, 1998). In the present work,
the highest frequencies of both males and females were
observed in May and June, which coincides with those of the
native area (Feriche, 1998; Pleguezuelos & Brito, 2008).
According to some authors, the second peak of captures
observed in autumn is mostly caused by females
(Feriche, 1998) or neonates, as hatching occurs during late
September and early October (Blazquez, 1993; Pleguezuelos &
Feriche, 2006). Frequency of females was higher than that of
males in the second peak of captures observed in 2017 but not
in 2018 and 2019. However, between none and two neonates
were found each year, considering the sizes of neonates pro-
posed by Pleguezuelos and Feriche (2006). Regarding energy
stores, the high-fat percentage obtained year-round suggested
no relationship between the reproductive cycle and fat storage
of adult females, as reported in the native area (Pleguezuelos
& Feriche, 2006). This might be explained by the ladder snake
feeding even during the vitellogenesis period (Pleguezuelos &
Feriche, 2006), except during the final stage of oviductal eggs
(Blazquez, 1994; Pleguezuelos & Feriche, 2006). These data
are of great relevance to improve the effectiveness of the man-
agement actions, as the high frequency of captures reported
during May and June would indicate a suitable period to
increase the captured pressure. All the obtained results evi-
dence the need to detect and remove more adult females.
Therefore, additional management actions such as the analysis
of the geographic data on snake capture combined with data
on seasonality could be of great relevance to locate the breed-
ing areas of the population and intensify the captured pressure
there during the mating period.

Size-specific survivorship (/,) indicated a drop in survivor-
ship at medium sizes, thus appearing to describe a survival
cost associated with reproduction (Brown & Weatherhead, 1999;
Madsen & Shine, 1993). Reduction of survivorship in sexually
mature males has often been associated with increased move-
ments during the mating season (Aldridge & Brown, 1995;
Bonnet et al., 1999; Brown & Weatherhead, 1999; Shine
et al., 2007) while in females, lower survivorship is often

Demography of the invasive ladder snake

related to higher mortality during the egg-laying migration
(Bonnet et al., 1999; Madsen & Shine, 1993). Nevertheless,
the downward trend observed in body length could be caused
by the intense control campaigns carried out, as the capture
effort exerted could have acted as a selection pressure. Over-
harvesting is known to cause the depletion of larger size clas-
ses of a population and a reduction in the age and size at
maturity, as described for fisheries (Allan et al., 2005; Fenberg
& Roy, 2008; Heino & Gode, 2002; Sarda, 1998;
Trippel, 1995). Frequencies of large snakes remained similar
across the years and frequencies of small snakes increased,
especially in 2020, which could lead to higher recruitment of
hatchlings and a high reproduction rate of large snakes. A
growth in population abundance due to an increase in juveniles
and high fecundity of adults can be produced in response to a
massive removal of individuals in a population, something
which is known as overcompensation (e.g., Guzy et al., 2023).
Nevertheless, further research on this observation for longer
periods of time would be needed to test this hypothesis. In
addition, control and eradication measures should be continued
and even intensified to try to deplete the larger size classes,
especially females.

A downward trend in the population size was observed over
the years of study, which indicates that the removal efforts
reduced the population size. Snake density correspondingly
decreased from 1.812 snakes/ha in 2017 to 0.669 snakes/ha in
2020, probably because of the successive and prolonged con-
trol programs carried out. Given that control effort success is
strongly affected by the ability to monitor shifts in population
abundance (Guzy et al., 2023), obtaining a robust and feasible
population estimation becomes a crucial tool to manage this
invasive population. The observed downward trend in the pop-
ulation size encourages the continuation of the capture efforts
that are currently carried out since they are apparently giving
successful results. It should be noted that determining snake
abundance and density is extremely challenging due to their
cryptic habits (Steen, 2010; Ward et al., 2017). Therefore,
models used to infer population size and density often produce
unreliable outputs, such as when there is no consideration for
detectability biases (Amburgey et al., 2021; Ward et al., 2017),
given that if the detectability is low, then the utility of the
model is limited in generating reliable abundance estimates
(Steen, 2010). Depletion methods also become inaccurate when
the proportion of individuals removed is small, which can lead
to an overestimation in the estimated population size
(Ogle, 2018). In addition, capture biases, the fact that the
population may not have been closed and variable catchability
over time could also be potential sources of error when
performing Leslie depletion models that should be taken into
account. For these reasons, the use of alternative methods such
as removal models (Rodriguez de Rivera & McCrea, 2021),
capture-mark-recapture techniques (Godley, 1980;
Plummer, 1985; Riedle, 2014), presence—absence surveys
(Pollock, 2006), or a combination of various population esti-
mation methods (Rose et al.,, 2013) should be considered to
evaluate potential biases in the results obtained.

Actions aimed at improving the management plans should
prioritize prevention measures and pathways of introductions
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(Hulme, 2009; Kraus, 2009), a fact that has been recently
addressed by the local administration of the Balearic Islands
(Decret llei 1/2023, 2023). Developing early detection and
rapid response protocols (Simberloff et al., 2013) and sustained
campaigns until demographic collapse is observed (Guzy
et al.,, 2023) are also essential management actions. However,
the results obtained in the present work evidence the need to
capture mature females. For this reason, a comprehensive anal-
ysis of the geographic data on snake captures in order to locate
the mating areas of the population should be addressed. Cap-
ture pressure could be intensified geographically and tempo-
rally, by concentrating capture effort in areas frequented by
adult females and during the period of activity of the snakes
which coincides with the mating period of the species in its
native area (May and June). By combining geographic and
temporal data, trapping efforts could be directed at adult
females who are the main target individuals in a management
campaign. Furthermore, trophic ecology studies and the identi-
fication of oviposition sites would also increase management
effectiveness and avoid the potential recovery of this invasive
population. Although further research is needed, this study
becomes a starting point not only to improve the management
of Z. scalaris population in Formentera but also to extrapolate
it to other invasive snakes worldwide.
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and snout-vent length (SVL, cm) of males, females and total
of the population sampled during the years 2017-2020. Data
about fat percentage were not available for the year 2017.

Table S2. Mean fat percentage (%) of adult females
obtained during the sampling months of the years 2018
(n=179), 2019 (n = 20) and 2020 (n = 48).

Fig. S1. Trap baited with a live mouse designed by the
Department of Health and Control of Fauna of the COFIB and
used for capturing the snakes analyzed in the present work.
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Fig. S2. Leslie depletion curve depicting the regression
between weekly catch per unit effort (CPUE, which is men-
tioned as CPE in the package ‘FSA’) and cumulative catch of
Zamenis scalaris in (a) 2017, (b) 2018, (c) 2019 and (d) 2020
in Formentera. Also, R? and P are also shown in each case.
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